I. INTRODUCTION
Although, no direct evidence of new physics has been reported so far, there still exists some discrepancies with the standard model (SM) prediction. In particular, deviations from the SM expectation in both charged current b → cτ ν transitions as well as neutral current b → s ll transitions have been observed in various measurements. The decays B → (D, D * )τ ν and the lepton flavor universality ratios R D and R D * have been studied by BABAR [1, 2] , BELLE [3] [4] [5] , and LHCb [6] experiments. Various measurements of R D and R D * are collected in Table. I. The first unquenched lattice [7] .
determination of the ratio of branching ratio R D = 0.299 ± 0.011 [8] was reported by FNAL/MILC collaboration which is in excellent agreement with the the value of R D = 0.300 ± 0.008 [9] reported by HPQCD collaboration. In Ref. [10] , the authors obtain R D = 0.299 ± 0.003 by combining the two lattice calculations, with the experimental form factor of the B → D l ν from BABAR and BELLE. The result is compatible with the results above, but more accurate. The FLAG working group combine the two lattice calculations and report the value of R D to be 0.300 ± 0.008 [11] . The SM prediction for R D * is 0.252 ± 0.003 [12] . At present, the deviation of the measured values of R D and R D * from the SM expectation exceeded by 2.2σ and 3.4σ respectively [7] . Considering the R D -R D * correlation, the difference with the SM predictions currently stands at about 3.9σ [7] . For theoretical implications of these anomalies, we refer to Refs. and references therein. Very recently, the first measurement of the tau polarization fraction P −0.17 in the decay B → D * τ ν was reported by BELLE [5] .
B c meson, a pseudoscalar ground state composed of two heavy quarks b and c, first observed by CDF collaboration in pp collisions [55] , has a promising prospect on the hadron colliders as around 5 × 10 10 B c events per year are expected at LHC experiments [56, 57] . Being composed of two heavy quarks, B c meson has the unique ability to decay via both b and c quark. Although the b decays are cabbibo suppressed, the charm quark decays, however, are cabbibo favored decays as the CKM matrix element V cs = 1 is much larger than V cb = 0.04. The estimates of the B c total decay width indicate that the c quark transitions provide the dominant contribution while the b quark transitions and weak annihilation contribute less. The c quark decays provide around 70% to the total decay width of B c meson [56] . Although an indirect constraint can be imposed on various new physics (NP) from the experimentally measured total decay width of B c meson, however, measurement of various taunic decays of B c meson in future will give direct access to the beyond the SM physics. The mean lifetime of B c meson τ Bc = 0.52
+0.18
−0.12 ps in the SM, calculated using operator product expansion and non relativistic QCD [58] [59] [60] , is consistant with the measured mean lifetime τ Bc = 0.507(8)ps [61] . One can infer from this calculation that no more than 5% of the total decay width of B c meson can be explained by the semi(taunic) decays of B c meson. This was confirmed by various other SM caculations as well [62, 63] . The constraint, however, can be relaxed upto around 30% depending on the value of the total decay width of B c meson that is used as input for the SM calculation of various partonic transitions.
The B c meson and its decays have been widely studied in the literature . The decays B c → (J/Ψ, η c ) l ν are mediated via b → c l ν transitions and, in principle, NP effects might enter into these decay modes as well. The SM prediction of these decay modes are already studied by various authors [65-68, 70, 75, 76, 79, 84-86] . Earlier discussions, however, have not looked into possible NP effects in these decay modes. In this study, we wish to study systematically the effect of NP couplings on various observables such as ratio of branching ratios, forward backward asymmetry, and τ polarization fraction pertaining to B c → (J/Ψ, η c ) τ ν decays. To analyse the effect of NP couplings on various observables, we use the most general effective Lagrangian for the b → c l ν decay processes in the presence of NP that is valid at the renormalization scale µ = m b . We use 2σ constraint coming from the measured values of the ratio of branching ratios R D and R D * to explore various NP scenarios. Constraint coming from total decay width of B c meson is also discussed in details. We, however, do not use the constraint coming from the measured value of P D * τ as the uncertainty associated with this observable reported by BELLE is rather large.
Our paper is organised as follows. In section II, we introduce the most general effective Lagrangian for the b → c l ν transition decays in the presence of NP. The two body B c → τ ν and three body B c → (J/Ψ, η c ) l ν decay branching ratios are calculated and reported in section II. Various observables such as ratio of branching ratios, forward backward asymmetries, and the τ polarization are defined. We report our analysis in section III with a conclusion and summary in section IV.
II. EFFECTIVE WEAK LAGRANGIAN, HELICITY AMPLITUDES, AND OBSERV-ABLES A. Effective weak Lagrangian
We employ the effective field theory approach for the computation of various decay branching fractions in a model independent way. The most general effective weak Lagrangian at energy scale µ = m b for the b → c l ν transition decays can be expressed as [87, 88] 
Neglecting the tensor NP couplings and following the same notation as in Ref. [36] , the effective Lagrangian can be expressed as
where
Here G F is the Fermi coupling constant and V cb is the CKM matrix element. The new vector and scalar NP interactions that involve left handed neutrinos are denoted by V L, R and S L, R NP couplings. Similarly for the right handed neutrinos the NP interactions are denoted by V L, R and S L, R NP couplings, respectively. All these NP couplings are defined at the renormalization scale µ = m b . In the SM, all the NP couplings will be zero leading to G V,A = 1, G S,P = 0 and G V,A,S,P = 0.
B. Helicity amplitudes and observables
We follow Refs. [89, 90] to calculate the various helicity amplitudes for a B q meson decaying to a pseudoscalar or to a vector meson along with a charged lepton and an antineutrino in the final state. Again, in order to calculate the partial decay width of B q → lν and differential decay rate of three body B q → (P, V )lν decays, we need information on various nonperturbative hadronic matrix elements which are parameterized in terms of B q meson decay constants and B q → (P, V ) transition form factors. We refer to Refs. [36, 84] for a more detailed discussion.
In the presence of NP, the partial decay width of B q → l ν and differential decay width of three body B q → (P, V ) l ν decays, where P (V ) stands for a pseudoscalar(vector) meson, can be expressed as [36] 
and
Here We define several observables such as ratio of branching ratios and tau polarization fraction for various semileptonic b → c transition decays. Those are
where, l is either an electron or a muon and B q is either a B meson or a B c meson. Similarly, M refers to the outgoing pseudoscalar or vector meson. Again, Γ(+) and Γ(−) denote the decay widths of positive and negative helicity τ lepton, respectively. It is also worth mentioning that, for B q → P τ ν decays, the tau polarization fraction does not depend on V L, R and V L, R NP couplings if we assume that NP effect is coming from new vector interactions only. We also construct various q 2 dependent observables such as differential branching fractions DBR(q 2 ), the ratio of branching fractions R(q 2 ), and the forward-backward asymmetry parameter
In the presence of various NP couplings, the forward backward asymmetry parameter for B q → P l ν decays can be written as
Similarly, for B q → V l ν decay mode, the explicit expression for the forward backward asymmetry parameter is
It is worth mentioning that, although, the forward backward asymmetry parameter does depend on all the NP couplings for B q → V τ ν decays, it, however, does not depend on V L, R and V L, R NP couplings for the B q → P τ ν decays if we assume that only vector type NP couplings contribute to these decay modes. The dependancy gets cancelled in the ratio. The tau polarization fraction and the forward backward asymmetry parameter can, in principle, provide useful information regarding the various Lorentz structures of beyond the SM physics. We now proceed to discuss the results of our analysis.
III. NUMERICAL CALCULATIONS
We first report in Table. II all the relevant input parameters that are used for our numerical estimates. For the quark, lepton, and meson masses, we use the most recent values reported in
Ref. [61] . Similarly, for the mean lifetime of B − and B c meson, we use the values reported in
Ref. [61] . We use Ref. [52] for the B c meson decay constant. The mass and decay constant reported in Table. II are in GeV units, whereas, the mean lifetime of B − and B c meson are in seconds. The uncertainty associated with f Bc and V cb are indicated by the number in parentheses. The errors in all the other input parameters are unimportant for us and hence not included in the Table. II.
For the B c → η c and B c → J/Ψ hadronic form factors, we follow Ref. [84] . The relevant
, and A 2 (q 2 ) pertinent for our discussion, taken from Ref. [84] is
where F stands for the form factors F 0 , F + , V , A 0 , A 1 , and A 2 and a, b are the fitted parameters.
The numerical values of B c → η c and B c → J/Ψ form factors at q 2 = 0 and their fitted parameters a and b, calculated in perturbative QCD (PQCD) approach, collected from Ref. [84] , are listed in Table III . For our numerical analysis, we added the errors in quadrature. We also report the Table. I. We use the average values of R D and R D * for our analysis.
In our analysis, we added the statistical and systematic uncertainties in quadrature. The SM branching ratios, ratio of branching ratios, and the tau polarization fraction for all the relevant decay modes are presented in Table. Table. IV.
We wish to determine the NP effect on each observable in a model independent way. We assume four different NP scenarios. All the NP couplings are assumed to be real for our analysis. Again, As expected, the tau polarization fraction pertaining to B → Dτ ν and B c → η c τ ν decays does not vary at all as the NP effects coming from V L and V R couplings cancel in the ratios. Now we wish to see the effect of S L and S R NP couplings on various q 2 dependent observables such as ratio of branching ratio R(q 2 ), forward backward asymmetry A F B (q 2 ), and the differential branching ratio DBR(q 2 ). The effect of NP couplings on these observables are shown in Fig. 4 .
Significant deviation from the SM expectation is observed for all the observables in this scenario.
We see that, in this scenario, all the observables are quite sensitive to the NP couplings for B c → η c τ ν
and B c → J/Ψτ ν decay modes. We also observe that, although, in the SM there is no zero crossing in the forward backward asymmetry parameter for the B c → η c τ ν decays; however, depending on the value of new scalar couplings S L and S R , we might observe a zero crossing for this decay mode. Table. VII. We also show, in particular, the effect of V L and V R on the branching ratio of B c → τ ν and the on tau polarization fraction P The allowed ranges of various q 2 dependent observables such as ratio of branching ratio R(q 2 ), the forward backward asymmetry A F B (q 2 ), and the differential branching ratio DBR(q 2 ) are shown in Fig. 6 . The SM prediction is shown in dark (blue) band whereas, the effect of NP couplings is shown in light (green) band. The q 2 distribution looks quite similar to what we obtain in scenario I of section III A. Although we see a significant deviation of all the observables in this scenario, the forward backward asymmetry parameter A τ . The branching ratio of B c → τ ν decays obtained in this scenario is rather large; more than 45%. However, from the total decay width of B c meson one can infer that branching ratio of B c → τ ν decays should not be more than 5%. Even if we relax the constraint upto 30%, the S L and S R NP couplings are ruled out although it can explain the anomalies persisted in the ratio of branching ratios R D and R D * . The allowed ranges of each observable obtained in this scenario are reported in Table. VIII. All the observables are very sensitive to the new S L and S R NP couplings. We wish to see the effect of these NP couplings on various q 2 dependent observables for the ηc . In the second scenario, we consider that NP effect is due to the scalar type interactions that involves left handed neutrinos only, i.e, S L, R = 0, whereas all other NP couplings are zero. Significant deviation from the SM expectation is observed for all the observables. It is also worth mentioning that the tau polarization P D * τ deviates significantly from the central value reported by BELLE. Again, we notice that, in this scenario, for some particular values of S L and S R , the value of B(B c → τ ν) exceeds the total decay width of B c meson. However, only less than 5% of the total decay width of B c meson can be explained by semi(taunic) mode. Even if we relaxed the constraint upto 30%, a substantial part of NP parameter space can be excluded. Hence, B c total decay width put a severe constraint on S L and S R type NP couplings. We also see the effect of NP couplings on various q 2 dependent observables. The deviation observed in this scenario is more pronounced than the deviation observed in scenario I.
In the third scenario, we set V L, R = 0 while keeping all other NP couplings to zero. Similar to scenario I, we see significant deviation of all the observables from the SM prediction. We want In the fourth scenario we consider only S L and S R type NP couplings. Again, as expected, the deviations from the SM prediction in this scenario is quite high. We notice that the branching ratio of B c → τ ν decays obtained in this scenario is rather large; more than 45%. However, from the total decay width of B c meson one can infer that branching ratio of B c → τ ν decays should not be more than 5%. Even if the constraint is relaxed upto 30%, the S L and S R NP couplings are ruled out although it can explain the anomalies persisted in the ratio of branching ratios R D and R D * . It is worth mentioning that, all the observables are very sensitive to the new S L and S R NP couplings, similar to scenario II. All the q 2 dependent observables are also very sensitive to the new S L and S R NP couplings.
In conclusion, we observe that, B c lifetime put a severe constraint on S L, R and S L, R type NP
couplings. More precise calculations of the B c lifetime and measurements of the branching fractions of its various decay channels in future should help constrain the NP parameter space even further.
Again, the observable P D * τ has the potential to distinguish between various NP scenarios once more precise data is available. At present, however, the experimental uncertainty associated with the tau polarization fraction P D * τ is rather large. More precise data in future will difinitely help identifying the nature of NP. Measurement of all the observables for the B c → η c τ ν and B c → J/Ψτ ν decay modes will be crucial to explore the nature of NP patterns.
